We report time-series photometry for 55 variable stars located in the central part of the globular cluster M55. The sample includes 28 newly identified objects of which 13 are eclipsing binaries. Three of these are detached systems located in the turn-off region on the cluster colormagnitude diagram. Two of them are proper motion (PM) members of M55 and are excellent candidates for a detailed follow-up study aimed at a determination of the cluster age and distance. Other detached binaries are located along the unevolved part of the cluster main sequence. Most of the variables are cluster blue straggler stars. This group includes 35 SX Phe stars, two contact binaries, and one semi-detached binary. V60 is a low mass, short period algol with the less massive and cooler component filling its Roche lobe. The more massive component is an SX Phe variable. The orbital period of V60 increases at a rate of dP/P =3.0E-9. In addition to numerous variable blue stargglers we also report the detection of two red stragglers showing periodic variability. Both of these are PM members of M55. We note and discuss the observed paucity of contact binaries among unevolved main sequence stars in M55 and NGC 6752. This apparent paucity supports an evolution model in which the formation of contact binaries is triggered by stellar evolution at the main-sequence turn off.
Introduction
M55=NGC 6809 is a nearby globular cluster whose low reddening and relatively high Galactic latitude ((m − M ) V = 13.87, E(B − V ) = 0.08, b = −23.3 deg; Harris 1996) makes it an attractive target for detailed studies. The photometric survey presented here was conducted as a part of the CASE project (Kaluzny et al. 2005) conducted with telescopes at the Las Campanas Observatory. Some results of an earlier photometric study of M55 made with the 1.0-m Swope telescope were presented by Pych et al. (2001) and Olech et al. (1999) . In these papers we reported the identification of several SX Phe stars and the first ever detection of non-radial oscillations in RR Lyr variables. An unreported result from that survey was the detection of a few detached eclipsing binaries. We have used the 2.5-m du Pont telescope for a follow-up photometic study of these binaries. In addition, we used the du Pont observations to search for variables in the inner-most region of the cluster. The central region of the cluster was poorly resolved on images collected with the Swope telescope. In this paper we present light curves and a preliminary analysis of variables detected on images collected over several observing seasons with the du Pont telescope.
Observations and data analysis
All images were taken with the 2.5-m du Pont telescope. A field of 8.84 × 8.84 arcmin was observed with the TEK5 CCD camera at a scale of 0.259 arcsec/pixel. Two pointings were used. On most nights the cluster core was positioned 1.5 arcmin south and 1.4 arcmin east of the detector center. Below we call this pointing field A. On some nights the cluster core was positioned at the center of the detector. We call this pointing field B. Note that there was a substantial overlap between the two fields and so most stars were monitored on all observing nights.
Observations were made on a total of 66 nights between 31 May 1997 and 28 June 2009. Images were taken in two bands with average exposure times of 70 s and 120 s for the V and B filters, respectively. The readout time of the detector was 68 s. In total, 3388 useful frames in V and 712 frames in B were collected. The median seeing was 1.09 and 1.15 arcsec for the V and B bands, respectively. The stellar photometry was extracted with a modified version of the image subtraction package ISIS V2.1 (Allard & Lupton 1998; Allard 2000) . Daophot, Allstar and Daogrow codes (Stetson 1987 (Stetson , 1990 were used to extract lists of point sources and to derive aperture corrections for the reference images. For each of the two pointings the observed field was divided into a 4×4 mosaic to reduce effects caused by a spatially variable point spread function. Light curves were extracted for 47138 point like sources detected on the V reference image. The instrumental photometry was tied to the standard BV system using linear transformations based on 328 local standard stars from Stetson (2000) . Fig. 1 shows the rms of individual measurements versus average magnitude for V -band light curves. Stars with V <14.0 are overexposed on template images. The photometry has an accuracy of about 3 mmag for the brightest unsaturated stars, decreasing to 14 mmag at V = 18.0.
The light curves were checked for variability with AoV and AOVTRANS algorithms running in the TATRY program (Schwarzenberg-Czerny 1996 , SchwarzenbergCzerny & Beaulieu 2006 .
A total of 54 variable stars located below the horizontal branch on the cluster's color-magnitude diagram (CMD) were identified in our data * . Their equatorial coordinates are listed in Table 1 . Astrometric solutions were obtained for fields A and B using the positions of 662 and 761 stars from the UCAC3 catalog (Zacharias et al. 2010) , respectively. Variables V16-V43 were reported by Pych et al. (2001) and Kaluzny et al. (2005) . The remaining 27 objects are new identifications † . Finding charts for these new variables are presented in Fig. 2 . * Several brighter RR Lyr stars were also detected but the V -band photometry was affected by saturation in some frames † Light curves of the variables discussed in this paper are available from the CASE archive at http://case.camk.edu.pl 
SX Phe stars
The sample of variables includes 35 SX Phe stars. Table 2 provides some basic photometric parameters of these stars. Average magnitudes are given in columns 3 and 5 while light curves amplitudes are given in columns 4 and 6. For multi-mode pulsators the listed periods correspond to the largest amplitude mode. As can be seen in Fig. 3 , SX Phe variables constitute most of the cluster blue stragglers brighter than V ≈ 17.5. Few constant stars are located in this part of the cluster CMD. This point will be discussed further in a forthcoming proper-motion study of the cluster (Zloczewski et al., in preparation). The luminosities of SX Phe stars belonging to M55 span a range of ∆V ≈ 1.5 implying a substantial range of stellar mass. The pulsational characteristics of these stars are worth detailed modeling given that they share the same metallicity and distance; this in turn puts strong constraints on models.
The sample includes 8 single mode pulsators. All but one of these showed coherent oscillations with constant amplitude over 12 years of observations. The exception is V26 which showed changes of the period as well as the amplitude. Light curves of V26 for seasons 1997-2001, 2003-2006 and 2007-2009 can be phased with periods of 0.082011545(4), 0.082008684(24) and 0.082011912 (13) Fig. 4 . We checked that the observed changes of the period and amplitude are not due to oscillations in two very closely separated modes. An explanation of the unusual behavior of V26 is left to experts in the field of stellar pulsations. We note that also some of multi-periodic variables also showed noticeable instabilities of their periods and amplitudes over the 12 year interval.
Eclipsing binaries and unclassified variables
In Table 3 we list the basic properties of variables other than the SX Phe stars discussed above. Ephemerides are given in columns 2 and 3, followed by V and B magnitudes at maximum light, the amplitude of the variability for the V filter, the average B − V color and the assigned variability type. The last column lists the membership status based on proper motion measurements (Zloczewski et al., in preparation). Figure 5 shows the location of the variables on the cluster CMD.
The sample includes eight eclipsing binaries with periods ranging from 0.54 to 17.2 days. Phased light curves of these stars are shown in Fig. 6 . All but one of these are detached systems. The exception is the semi-detached blue straggler V60, further discussion of this system is given in section 4.1. The detached binaries V44, V54 and V58 are located near the turnoff region of the cluster. V44 and V54 are PM members of M55 while PM status of V58 remains undetermined. These systems deserve a detailed study aimed at a determination of the absolute parameters of their components. This in turn can provide information about the age and distance of M55 (Paczyński 1997) . Binaries V62 and V66 are located slightly above the lower main sequence of the cluster. The former is a PM member of M55 while there is no PM information for V66. According to its PM V49 is a field object. Its location on the cluster CMD indicates that it is a foreground binary. Its light curve shows large season-to-season changes which is not unusual given the late spectral type inferred from the observed color. We do not have PM information for V68 but its location on the CMD indicates that it is a field object located behind the cluster. Its color and magnitude are appropriate for an early F-type binary belonging to the Sagittarius dwarf galaxy. We note that Pych et al. (2001) detected 3 SX Phe stars in the M55 field which belong to the Sagittarius galaxy. These variables are located in the same part of the cluster CMD as V68 and are also expected to be stars of spectral type F. Five objects were classified as contact binaries. Their phased light curves are shown in Fig. 7 .
No PM information is available for V56 and V70. Examination of their light curves leads to the conclusion that the individual components of V56 and V70 are located on the cluster main sequence. Therefore, both systems are likely members of M55. The large amplitude of the light curve of V70 indicates that it has a mass ratio close to unity.
The blue straggler V53 is a PM member of M55 while there is no PM information for the blue straggler V46. We note that light curves of both binaries show asymmetric maxima. These asymmetries were observed in all 9 observing seasons and so it is unlikely that they are caused by stellar spots. The asymmetries are more likely related to some phenomena resulting from mass transfer in V46 and V53.
The variable V51 has a small but measurable proper motion: µ α =0.512±0.295, µ δ = 4.441 ± 0.163. It is definitely a field object not related to the cluster. Its light curve resembles light curves of low amplitude contact binaries. However, on the color-period diagram (Rucinski 2002 ) the variable is located outside of the region occupied by contact binaries. With (B − V ) 0 = 0.15 and P = 0.45 d the star is too blue to be an ordinary contact binary ‡ . Given its location on the CMD and the shape of the light curve V51 is possibly a very distant, close but non-contact binary with low orbital inclination. Alternatively it might be a binary sdB system showing orbital modulation of its light.
The variables V64 and V65 lie slightly to the red of the subgiant branch on the cluster CMD. Both stars are PM members of M55. As can be seen in Fig. 8 they show systematic season-to-season changes of their average luminosities. At the same time their light curves show coherent periodic variability with changing amplitudes, as demonstrated in Fig. 9 . This coherence of the observed periodic variations suggests that V64 and V65 are binary systems. Bassa et al. (2008) identified V65 as the likely optical conterpart to the X-ray source CX7. They also note that it is a candidate active magnetic binary. Time domain and phased light curves of V67 are presented in Figs. 8 & 9. The object is located right on the main sequence of M55 and it is PM member of the cluster. The amplitude of the periodic light variations is small. The star is probably either a contact binary observed at low inclination or an ellipsoidal variable. In the later case the short orbital period suggests that one of the components is a degenerate star. Variable V71 is a likely optical counterpart to the X-ray source CX8 (Bassa et al. 2008 ). The star is located at the base of the subgiant branch on the cluster CMD and it is PM member of M55. As is shown in Fig. 8 the average luminosity of V71 changes on a yearly time scale. Periodic modulation of the light curve with P ≈ 8.04 d was observed in some seasons, as is demonstrated in Fig. 9 . Spectroscopic observations can help to answer questions about the nature of the four objects discussed briefly in this paragraph. As can be seen in Fig. 8 the cataclysmic variable V43=CV1 showed 2 outbursts during our observations. In quiescence the variable is relatively red and occupies a position close to the main-sequence on the cluster CMD. No periodic variability could be detected in quiescence.
The variable V50 is a field star based on PM measurements. Its light curve does not show any periodicity. However, as can be seen in Fig. 8 , the average luminosity of V50 showed noticeable changes on a time scale of 10 years. The star is a likely optical counterpart to the X-ray source CX29 (Bassa et al. 2008) 
The Blue straggler V60
The blue straggler V60 is a PM member of M55. Figure 10 shows phased B and V light curves for the observing seasons 2006-2009. The depth of the primary eclipse increases from about 1.78 mag in the V band to about 2.17 mag in the B band indicating a large difference of the effective temperatures of the components of V60. The orbital period of the system is unstable. The O−C diagram presented in Fig. 11 includes moments of primary eclipses based on the du Pont observations as well as some measurements based on unpublished CASE observations collected with the Swope telescope. The relevant data are listed in Table 4 . The O − C diagram indicates that orbital period of the variable increases at the rate of dP/dt≈ 3.0E − 9. This can be interpreted as the result of conservative mass transfer in the system and is consistent with a semi-detached configuration reported below. An accurate determination of the parameters of the binary is hampered by the lack of spectroscopic information about the mass ratio. Nonetheless, we obtained a preliminary solution of the light curves shown in Fig. 10 To check if these oscillations are coherent we used the following procedure. A second order polynomial was fitted to the out-of-eclipse sections of the nightly V light curves from the 1999 observing season. The residual light curves were then merged and searched for periodicity with TATRY. A strong signal was detected at a period of 0.03087(7). The residual light curve phased with such a period is shown in Fig. 12 .
The light curve of V60 is symmetric and shows only minor season-to-season changes. The system is apparently free from significant photometric disturbances caused by mass transfer or chromospheric activity. Therefore, a reliable and accurate determination of its geometrical parameters should be possible once the mass ratio is constrained by spectroscopy. The binary is worth a more detailed follow-up study including a determination of its absolute parameters. The primary component of V60 is a Pop II star with [Fe/H] = −1.9 and a mass noticeably exceeding masses of turnoff stars in globular clusters. As such it may provide an interesting benchmark for models of low metallicity stars.
Summary and Discussion
According to a proper motion study conducted by Zloczewski et al. (2010; in preparation) most of the variables reported in this paper are members of M55. As we have already noted several of them deserve a spectroscopic study. In the case of eclipsing binaries such a study should lead to a determination of their absolute parameters and distances. At this time the absolute parameters are known for very few Pop II stars. Six stars of different masses constituting three detached binaries from the cluster turnoff should lay on the same isochrone. Hence, knowing their absolute parameters one may conduct an interesting test of stellar models at low metallicity. Spectroscopic observations of several other variables would also be valuable, confirming with high confidence the membership status of objects that are candidate PM members of the cluster. The systemic velocity of M55 is We note the apparent paucity of contact binaries among stars on the cluster main-sequence. Two systems were detected among the blue stragglers and one at the turnoff at V = 17.7. Two of these three are PM members of M55 and the PM status for third one is unknown. In contrast just one contact binary was found below the turnoff. This is variable V70 with V =19.4 and an unknown membership status. The sample of surveyed stars is strongly dominanted by lower main sequence stars. We have examined the variability status of 13775 stars with V < 18.0 and 25530 stars with 18.0 < V < 19.5, where V ≈ 18.0 corresponds to the turnoff level. As can be seen in Fig. 1 the accuracy of our differential photometry is such that it would be easy to detect any potential contact binaries with V < 19.5 and ∆V > 0.1. A similar lack of contact binaries among main-sequence stars is also observed in NGC 6752. Our recent survey of this nearby globular cluster revealed two contact systems among the blue stragglers and none among main-sequence stars (Kaluzny & Thompson 2009 ). Our results indicate that the formation of W UMa stars is driven mainly by nuclear evolution of stars. Once the more massive component of a close but initially detached binary reaches the turnoff its expansion causes Roche lobe overflow and eventually leads to a contact configuration of the system. After mass reversal the binary may end up as a blue straggler with a configuration that depends on the efficiency of mass and angular momentum loos. The observed lack of contact binaries among unevolved main sequence stars in GCs supports the evolution model advocated by Gazeas & Stepien (2008) . port of NSF grant AST-0507325. We thank Pawel Moskalik for help with time series analysis of variable V26. 
